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^ (54) Title: ISOLATING NUCLEIC ACID 
IT) 

^ (57) Abstract: A process for isolating nucleic acid from a nucleic acid- containing biological sample, which comprises: (a) provid- 
^ ing magnetic particles capable of binding nucleic acid; (b) contacting the sample with the magnetic particles so as to bind the nucleic 
S acid thereto; (c) forming an aggregate of the magnetic particles by the application of a magnetic field, which aggregate comprises 
^ magnetic particles with the nucleic acid bound thereto and contaminants from the biological sample; (d) contacting the aggregate 
£5 with a washing solution to disperse the aggregate and release the contaminants therefrom; and (e) separating therefrom the magnetic 

particles with the nucleic acid bound thereto; wherein the aggregate is formed in the presence of an amount of a water-mi scible 
Q lower alcohol sufficient to facilitate dispersion of the aggregate and release of the contaminants therefrom when washed in step (d), 

with the proviso that, when the magnetic particles are silica-based magnetic glass particles provided with the water-miscible lower 
^ alcohol, the water-miscible lower alcohol is part of an aqueous mixture which further comprises a salt. 
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ISOLATING NUCLEIC ACID 

Field of the Invention 

The present invention relates to a process for isolating 
nucleic acid from a nucleic acid-containing - sample, and to 
a kit therefor. 

Background to the Invention 

Procedures' involving nucleic acids such as DNA and RNA 
continue to play a crucial role in biotechnology. Nucleic 
acid detection and manipulation including hybridisation, 
amplification, sequencing and other processes generally 
require nucleic acid to have been isolated from 
contaminating material. Where a nucleic acid-containing 
sample is a biological sample, contaminating material may 
include proteins, carbohydrates, lipids and polyphenols. 
Accordingly, a variety of approaches have hitherto been 
used in the isolation of DNA or RNA. 

Early methods of isolating nucleic acid involved a series 
of extractions with organic solvents, involving ethanol 
precipitation and dialysis of the nucleic acids. These 
early methods are relatively laborious and time-consuming 
and may result in low yield. Isopropanol may also be used 
in the precipitation of the nucleic acid. Precipitation of 
the nucleic acids generally requires alcohol at a very high 
concentration, preferably 50% v/v or above. 

An alcohol precipitation method is described in US5523231. 
Nucleic acid is precipitated by highly concentrated alcohol 
in the presence of magnetic beads. According to this 
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disclosure, use of an alcohol such as ethanol or 
isopropanol at around 70% (v/v) causes nucleic acid to 
precipitate around the magnetic beads but not to bind to 
the bead. The precipitate can be separated from 

supernatant by the application of a magnetic field. 

US5234809 describes a procedure to isolate DNA from 
biological samples which uses a chaotropic agent together 
with a silica based nucleic acid binding solid phase. 
Guanidine hydrochloride at pH 3 to 5 * or guanidine 
thiocyanate at higher pH, combined with other salts, is 
used as the chaotropic agent. After binding of the DNA to 
the solid surface, the solid phase may be washed with the 
chaotropic agent to remove any biological contamination 
followed by treatment with 70% ethanol to remove the 
chaotrope. The DNA is eluted using water. 

A variant on this methodology is described in US6027945. 
Here, a method is described which also uses a silica-based 
nucleic acid binding solid phase in . the presence of a 
chaotrope to isolate nucleic acid. According to this 
method, the silica-based solid phase is magnetic, thereby 
facilitating separation of the solid phase containing the 
target- nucleic acid from the liquid phase containing 
contaminants upon application of a magnetic field. 

In one commercially-available product from Roche, a "MagNa 
Pure LC Total Nucleic Acid Isolation Kit" is provided to 
isolate DNA or RNA using magnetic glass particles in the 
presence of a chaotropic salt and Proteinase K. The 
magnetic glass particles are provided as a suspension in 
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isopropanol. There is a need to use several washing steps 
and the Proteinase K to purify the nucleic acid. 

W096/18731 also uses magnetic particles to bind nucleic 
acid. In this disclosure the magnetic particles are 
polystyrene-based and polyurethane-coated and a detergent 
is used instead of a chaotrope. 

Liquid handling instruments, which may be operated 
automatically, are commonly used to isolate nucleic acid. 
Such instruments frequently use magnetic beads for 
isolating the nucleic acid and there exist a number of 
different ways in which the magnetic beads are separated 
from liquid phase during operation of the nucleic acid 
isolation process. Generally, the liquid handling 

instrument has a reaction zone which may comprise, for 
example, a tube, channel or well, which may or may not 
communicate with an outlet, usually by means of a narrower 
portion such as a tip. In one arrangement, a magnet is 
placed outside of the reaction zone so that magnetic 
particles in the reaction zone are collected in an 
aggregate inside the reaction zone. In a second 

arrangement, separation and collection of the aggregate 
takes place inside the tip by attaching a magnet outside of 
the tip. In a third arrangement, where the reaction zone 
is a tube or well, a plastics coated magnetic rod may be 
placed inside the tube or well in order to separate the 
magnetic particles from the supernatant. 

Wherever magnetic particles are used to bind nucleic acid 
in any of the above isolation processes, especially those 
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in liquid handling instruments , application of the magnetic 
field gives rise to an aggregate which contains not only 
nucleic acid bound to the particles but also contaminating 
material. The constitution of this contaminating material 
will depend upon the biological source material from which 
the nucleic acid is being isolated. Protein is often a 
major contaminant. The magnetic particles and bound 
nucleic acid have to be separated from the contaminants by 
washing. However, here a problem arises. First of . all r 
the aggregate is difficult to disperse because the 
constituents of the aggregate tend to clump together, often 
presenting a mass of tightly adhered material. Secondly, 
if the contaminants are not properly removed, the final 
isolated yield of nucleic acid is decreased. These 
problems arise in both manual and automated arrangements. 
Attempts to disperse the aggregate have met with limited 
success. Physical agitation of the aggregate, for example 
by flowing washing solution at raised pressure across the 
aggregate, can be used to disrupt the aggregate to some 
extent. Such a step is not particularly efficient, being 
time-consuming and not always capable of completely 
dispersing the aggregate. Many protocols require the 
additional step of adding Proteinase K in order to reduce 
the viscosity of the aggregate by hydrolysing the protein 
portion of the contaminants. This has the disadvantage of 
being an extra step which increases the time required for 
separation and also increases the cost. It is also often 
the case that an additional biological contaminant, 
Proteinase K in this case, is undesirable where high purity 
nucleic acid samples are required. 
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Summary of the Invention 

In accordance with the present invention there is provided 
a process for isolating nucleic acid from a nucleic acid- 
containing biological sample, which comprises: 

(a) providing magnetic particles capable of binding 
nucleic acid; 

(b) contacting the sample with the magnetic particles 
so as to bind the nucleic acid thereto; 

(c) forming an aggregate of the magnetic particles by 
the application of a magnetic field, which aggregate 
comprises magnetic particles with the nucleic acid bound 
thereto and contaminants from the biological sample; 

(d) contacting the aggregate with a washing solution 
to disperse the aggregate and release the contaminants 
therefrom; and 

(e) separating therefrom the magnetic particles with 
the nucleic acid bound thereto; wherein the aggregate is 
formed in the presence of an amount of a water-miscible 
lower alcohol sufficient to facilitate dispersion* of the 
aggregate and release of the contaminants therefrom when 
washed in step (d) . 

It is preferred that, when the magnetic particles are 
silica-based magnetic glass particles provided with the 
water-miscible lower alcohol, the water-miscible lower 
alcohol is part of an aqueous mixture which further 
comprises a salt. 

Hitherto it has not been realised that forming the 
aggregate in the presence of a water-miscible lower alcohol 
facilitates dispersion of the aggregate and release of the 
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contaminants therefrom. This has the advantage that the 
need to use Proteinase K to digest the sample before the 
washing step (d) is reduced or eliminated altogether. 
There is a further advantage that the washing step may be 
performed more efficiently. In addition, it is found that 
the total isolated yield may be increased thereby allowing 
a greater initial load of sample to be used for the same 
amount of magnetic particles. 

In a second aspect, the present invention provides a kit 
for isolating nucleic acid from a nucleic acid-containing 
biological sample, which kit comprises: 

(a) magnetic particles capable of binding nucleic 

acid; 

(b) a source of a water-miscible lower alcohol; and 

(c) a washing solution for use in the presence of the 
water-miscible lower alcohol for dispersing an aggregate 
comprising the magnetic particles with nucleic acid bound 
thereto and contaminants from the biological sample. 

Preferably the magnetic particles are not the source of the 
water-miscible lower alcohol when the magnetic particles 
are silica-based magnetic glass particles unless (i) no 
Proteinase K is present in the kit, or (ii) the water- 
miscible lower alcohol is part of an aqueous mixture which 
further comprises a salt. 

It is preferred that substantially no Proteinase K is 
present to digest protein in the process so as to avoid the 
disadvantages of the use of this biological additive. 
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The water-miscible lower alcohol may be provided at any one 
or more points in the process provided that there is a 
sufficient amount in the step of forming the aggregate to 
be effective when the aggregate comes to be washed. In one 
arrangement, it is convenient to provide the water-miscible 
lower alcohol with the magnetic particles , for example as a 
suspension in the alcohol , preferably as an aqueous mixture 
thereof , which aqueous mixture may further comprise a salt. 
The salt may be organic or inorganic and inorganic salts 
such as alkali metal chlorides, for example sodium or 
lithium chloride, are preferred. The aqueous phase may 
include a salt in the range ImM to 10M, preferably in the 
range 0.1M to 10M, more preferably in the range 0 . 4M to 8M. 
The ratio of alcohol: water may be approximately 2:1 
mixture. Where the sole source of water-miscible lower 
alcohol is the liquid phase suspending the magnetic 
particles, it is thought that some of the alcohol remains 
associated with the magnetic particles in the void volume 
of the aggregate which is formed in the process. 

Additionally, or alternatively, at least a part of the 
water-miscible lower alcohol may be provided in a lysis 
step used to treat the biological sample, especially where 
the biological sample comprises a cellular sample. 
Typically, the lysis step comprises subjecting the 
biological sample to conditions to lyse the sample, which 
conditions may include conventional use of a detergent 
and/or chaotrope. The water-miscible lower alcohol may be 
present in the lysis step in an amount in the range 1 to 
40%, preferably 3 to 40%, most preferably 5 to 30%. The 
water-miscible lower alcohol may be provided as part of a 
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pre-formulated lysis solution or may be added during the 
lysis step. 

Additionally or alternatively, at least a part of the 
water-miscible lower alcohol may be provided when the 
sample is contacted with the magnetic particles. The 
alcohol may be added shortly before contact or at the point 
of contact or may be part of a binding solution or even 
part of a combined lysis and binding solution. The water- 
miscible lowe* alcohol may be present in an amount in the 
range from 1 to 40%, preferably 1 to 20%, more preferably 5 
to 10% in this step. 

Additionally or alternatively, the water-miscible lower 
alcohol may be provided at the time when the aggregate is 
formed or shortly before. 

Among the water-miscible lower alcohols useable in the 
present invention are included linear or branched chain 
alcohols with up to 5 carbon atoms. Of these alcohols, 
methanol is not preferred because of its potentially 
deleterious affects on human health. Ethanol, isopropanol 
and n-propanol are particularly preferred as being readily 
available and effective in the invention. 

In the step of contacting the aggregate with a washing 
solution, further water-miscible lower alcohol may be 
provided with the washing solution. This is found to be 
particularly effective in dispersing the aggregate provided 
that the aggregate has been formed earlier in the presence 
of the water-miscible lower alcohol as well. The further 
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water-miscible lower alcohol used in the washing step may 
be the same as or different from the water-miscible lower 
alchohol used earlier in the process. The alcohol may be 
present in an amount in the range from 1 to 90%, more 
preferably 5 to 70%, most preferably from 10 to '40% v/v 
with respect to the washing solution. 

The washing step may be repeated by removing supernatant, 
adding fresh washing solution and separating the magnetic 
particles from the supernatant by application of a magnetic 
field for a second time. 

The washing solution according to the invention may 
comprise a chaotrope to facilitate washing. This chaotrope 
may be the same as or different from the chaotrope used in 
any preceding lysis or binding step. 

The chaotrope generally comprises a chaotropic ion provided 
at a concentration sufficiently high to cause the nucleic 
acid to lose its secondary structure and, in the case of 
double-stranded nucleic acids, to melt. Chaotropes are 
thought to disrupt hydrogen-bonding in water so as to make 
denatured nucleic acid more stable than its undenatured 
counterpart. The chaotrope typically comprises a 

guanidinium salt, urea, or an iodide, chlorate, perchlorate 
or (iso) thiocyanate. Preferred chaotropes include 

guanidinium thiocyanate, and guanidinium hydrochloride. 

The concentration of chaotrope typically present when 
contacted with the sample is in the range 2M to 8M. 
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Where a- chaotrope is present in the washing solution, the 
process may further comprise a washing step to remove that 
chaotrope. Typical washing steps include contacting the 
magnetic particles to which nucleic acid is bound with an 
alcohol-containing solution such as ethanol in an amount of 
at least 70% v/v. 

The nucleic acid-containing sample typically comprises a 
biological sample such as a cellular sample. The 
biological sample may or may not need to be pretreated, 
depending on its structure. For example, in the case of 
plant or fungal cells or solid animal tissue, pretreatment 
would be required as is known in the art. Samples stored 
in the form of a solid phase such as a paraffin section may 
also need pretreatment. Samples may be from foodstuffs, 
environmental samples or clinical samples and may contain 
prokaryotic or eukaryotic cells or other moieties such as 
mycoplasmas, protoplasts or viruses. Blood products are an 
important area for nucleic acid isolation and the present 
invention is particularly applicable to whole blood and 
other blood products such as plasma, serum and buffycoat. 

The nucleic acid to be isolated may be DNA, RNA or a 
modified form thereof. Where the nucleic acid is DNA, this 
may be ds or ss DNA. Where the nucleic acid is RNA, this 
may be rRNA, mRNA or total RNA. 

The magnetic particles must be capable of binding nucleic 
acid but are not limited to any specific material. Various 
materials are now known and these include silica-based 
materials such as those described in US5234809, polymeric 
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materials including latex and polystyrene-based materials 
such as those described in W096/18731 and other materials 
such as glasses. 

Typical materials for use in magnetic particles include 
magnetic metal oxides especially the iron oxides. Useful 
magnetic oxides include iron oxides in which, optionally 
all or a part of the ferrous iron thereof is substituted 
with a divalent transition metal such as cadmium, chromium, 
cobalt, copper, magnesium, manganese, nickel, vanadium 
and/or zinc. - Silica-based magnetic particles useful in the 
present invention include those described in US6027945 and 
US5945525. These silica-formed particles generally require 
the presence of a chaotrope to be effective in binding 
nucleic acid. 

Particularly preferred magnetic particles comprise polymer 
magnetic particles in which the magnetic component thereof 
is substantially uniformly distributed. Such particles are 
described in UK patent application no. 0116359.1, filed on 
4 th July 2001. Such particles are also described in UK 
patent application no. 0116358.3, also filed on 4 th July 
2001. The contents of the applications are hereby 
incorporated by reference. 

In accordance with GB0116359.1 a process is provided for 
the preparation of polymer magnetic particles, which 
comprises : 

(a) providing a water phase containing magnetic 
components homogeneously dispersed therein; 
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(b) wherein the water phase is contacted with or 
further contains a polymerisable metal-containing or 
organic monomer which is soluble in the water phase; and 

(c) polymerising the monomer in the presence of the 
magnetic components so as to form polymer magnetic 
particles in which the magnetic components are 
substantially uniformly distributed; 

wherein at least a part of the polymerising step (c) is 
carried out in a water-in-oil emulsion in which the water 
phase containing the magnetic components homogeneously 
dispersed therein is present as a discontinuous phase in a 
continuous oil phase. 

In that process it is preferred that the water phase is 
provided as part of the water-in-oil emulsion so that the 
monomer may be contacted with the emulsion directly and at 
the start of the polymerisation process . The magnetic 
component used in the particles is supplied as a magnetic 
fluid, most preferably as a ferrofluid, typically having an 
average particle size of about 8.5nm. The monomer is 
preferably a silicon oxide or hydroxide. 

In accordance with GB0116358.3, a process is provided for 
the preparation of polymer magnetic particles , which 
comprises : 

(a) providing polymer particles having a porous 
interior bearing charged groups; and 

(b) contacting the polymer particles with a magnetic 
fluid comprising a homogeneous dispersion of magnetic 
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particles which bear a charge opposite to that of the 
charged groups of the porous interior, whereby the 
magnetic particles are incorporated into the porous 
interior to produce polymer magnetic particles. 

In this process it is preferred that the magnetic fluid is 
provided as a ferrofluid, most preferably having a size in 
the range of 1 to less than lOnm to enable the particles to 
be dispersed in any of the small pores of the polymer 
particles. Among the methods available for preparing the 
polymer particles may be mention the use of vinyl monomers, 
polyvinyl monomers and mixtures thereof. 

Depending on the form in which the isolated nucleic acid is 
required, a further elution step can be provided. .In some 
cases it may be satisfactory for the nucleic acid to remain 
bound to the magnetic particles. This may be the case if 
further manipulations of the nucleic acid on a solid phase 
are required, such as an amplification step. Equally, the 
nucleic acid may be eluted from the magnetic particles by 
applying an elution solution, which may simply be water or 
a buffer. 

Detailed Description 

The present invention is now described in more detail, by 
way of example only, with reference to the following 
Examples . 



Example 1 
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The magnetic particles. Magnetic Silica particles were 
obtained in accordance with GB0116359.1, filed 4 th July 
2001 and suspended as 25mg in lOOul isopropanol. To this 
was added 50ul of 8M LiCl. 

The chaotropic lysis and binding solution (L) . 130 g 
Guanidine thiocyanate (Sigma) was added 95 ml 0.1 M TRIS 
HC1 pH 7 (Sigma) + 8 -ml 0.5 M EDTA (Invitrogen) and 2.5 g 
tween-20 (Sigma). The solution was heated on a water bath 
at 30C for 1 h. To this solution was added 16 ul 5% NH 3 
(Merck) /ml chaotropic solution to leave pH at 8.5 as an 
ammonia or ammonium chaotropic solution. 

The chaotropic wash I solution. 120g Guanidine 
hydrochloride (Sigma) was added water to a total of 160 ml 
(7.5M). To this solution was added 2.4g Tween-20 (Sigma) 
and 40 ml 96% EtOH. 

The ethanol based wash II solution. To 200^1 2M NaCl 
(Sigma) was added 700 ul 96% EtOH. To 100)4,1 of this 
solution was added 200 ul water. 

The DNA binding procedure. 350 ul of whole blood (WBC 5.1) 
were added 720 ul of the chaotropic lysis and binding 
solution. After 1 min, magnetic silica beads were added 
(140 ul) and the solution was allowed to incubate for 10 
min where after the magnetic were collected on a magnet. 
The beads were resuspended in washing solution I and again 
collected on a magnet. This was repeated once. The beads 
were resuspended and washed in washing solution II and 
collected on a magnet. Repeated once. The beads were washed 
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with pure water when- still on the magnet. Finally, 200 ul 
water was added to the beads and they were resuspended at 
ambient temperature for ca 2 min. The beads were collected 
on a magnet and the supernatant was transferred to a new 
tube The yield of isolated DNA was measured on a 
Spectrophotometer (Per kin Elmer, Lambda EZ 201) . 

Yield DNA: 6.56 ug (62% of theoretical). 
Example 2 

The magnetic particles. As example 1. 

The chaotropic lysis and binding solution (L) . As in 
example 1. 

The chaotropic wash I solution'. As example 1 

The ethanol based wash II solution. As in example 1. 

The DNA binding procedure. 75 ul buffycoat (ca. 10 8 
cells/ml) was added as in example 1, 

Yield DNA: 11.65 ug. 
Example 3 

The magnetic particles. The magnetic silica particles of 
Example 1 were suspended as 23.4 mg in 100 ul 4M LiCl. 



WO 03/091452 



PCT/IB03/01553 



- 16 - 

The chaotropic lysis and binding solution (L) . As in 
example 1 . 

The chaotropic wash I solution. 120g Guanidine 
hydrochloride (Sigma) was added water to a total of 160 ml 
(7.5M). To solution was added 2.4g Tween-20 (Sigma) and 53 
ml isopropanol. 

The ethanol based wash II solution. As in example 1. 

The DNA binding procedure. As in example 2 except that 100 
ul of magnetic silica particles were added. 

Yield DNA: 9.69 ug. 
Example 4 

The magnetic particles. As example 1, 

The chaotropic lysis and binding solution (L) . 75 ul buffy 
coat was added as in example 2. 

The chaotropic wash I solution. As example 3. 

The ethanol based wash II solution. As in example 1. 

The DNA binding procedure. 75 ul of buffycoat (ca. 10 8 
cells/ml) was added as in example 1. 



Yield DNA: 10.94 ug. 
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Example 5 

The magnetic particles . As example 1. 

i 

The chaotropic lysis and binding solution (L) . As in 
example 1. 

The chaotropic wash I solution. As example 1 

The ethanol based wash II solution. As in example 1. 

The DNA binding procedure. 50 ul buffy coat (ca. 10 8 
cells/ml) was added as in example 2. Instead of using 
magnetic beads suspended in isopropanol, beads were 
suspended in 80ul 4M LiCl and lOOul isopropanol was added 
immediately before mixing with the sample and chaotrope. 

Yield DNA: 8 ug. 



Example 6 

The magnetic particles. As example 1 except isopropanol, n- 
propanol and ethanol were compared in separate experiments. 

The chaotropic lysis and binding solution (L) . As in 
example 1. 

The chaotropic wash I solution. As example 1 

The ethanol based wash II solution. As in example 1. 
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The DNA binding procedure. 75 ul buffy coat (ca. 10 8 
cells/ml) was added as in example 2. 

Yield DNA: isopropanol 8.1 ug; ethanol 8.0 ug; n-propanol 
7.6 u"g. 

Example 7 

The magnetic particles. The magnetic silica particles of 
Example 1 were suspended as 23.4 mg in 100 ul 4M LiCl . 

The chaotropic lysis and binding solution (L) . As in 
example 1 . 

The chaotropic wash I solution. 120g Guanidine 
hydrochloride (Sigma) was added water to a total of 160 ml 
(7.5M). To solution was added 2.4g Tween-20 (Sigma) and 53 
ml ethanol. 

The ethanol based wash II solution. As in example 1. 

The DNA binding procedure. As in Example 2 except that 100 
ul of magnetic silica particles were added to the 
chaotropic solution containing the sample (again, 75 ul 
buffy of ca 1x10(8) white cells/ml). After 2.5 min, ethanol 
(40, 60, and 100 ul respectively, concentration of ethanol 
4, 6 an 10%, respectively) was added and the incubation of 
sample/beads/chaotropic solution was continued for another 
2.5 min where after the nucleic acid/particles ware 
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collected on a magnet and wash according to example 1. The 
pellet was nicely dispersed and washed. 

Yield DNA: 8 . 8ug (40 ul ethanol) 

8.8ug (60 ul ethanol ) 
9.4ug (100 ul ethanol) 

Example 8 (Comparative) 

The magnetic particles. As example 1 except the magnetic 
silica particles were suspended as 23.4 mg in 100 ul 4M 
LiCl in the absence of any alcohol. 

The chaotropic lysis and binding^ solution (L) . As in 
example 1 , 

The chaotropic wash I solution. As example 1 

The ethanol based wash II solution. As in example 1. 

The DNA binding procedure. 75 ul buffy coat (ca. 10 8 
cells/ml) was added as in example 2. 

Yield DNA: 6.1 ug. 
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CLAIMS : 

1. A process for isolating nucleic acid from a nucleic 
acid-containing biological sample, which comprises: 

(a) providing magnetic particles capable of binding 
nucleic acid; 

(b) contacting the sample with the magnetic particles 
so as to bind the nucleic acid thereto; 

(c) forming an aggregate of the magnetic particles by 
the application of a magnetic field, which aggregate 
comprises magnetic particles with! the nucleic acid bound 
thereto and contaminants from the biological sample; 

(d) contacting the aggregate; with a washing solution 
to disperse the aggregate and release the contaminants 
therefrom; and 

(e) separating therefrom the magnetic particles with 
the nucleic acid bound thereto; 

wherein the aggregate is formed in the presence of an 
amount of a water-miscible lower alcohol sufficient to 
facilitate dispersion of the aggregate and release of the 
contaminants therefrom when washed in step (d) , with the 
proviso that, when the magnetic particles are silica-based 
magnetic glass particles provided with the water-miscible 
lower alcohol, the water-miscible lower alcohol is part of 
an aqueous mixture which further comprises a salt. 

2. A process for isolating nucleic acid from a nucleic 
acid-containing biological sample, j which comprises: 

(a) providing magnetic particles capable of binding 
nucleic acid; 
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(b) contacting the sample with the magnetic particles 
so as to bind the nucleic acid thereto; 

(c) forming an aggregate of the magnetic particles by 
the application of a magnetic field, which aggregate 
comprises magnetic particles with the nucleic acid bound 
thereto and contaminants from the biological sample; 

(d) contacting the aggregate with a washing solution 
to disperse the aggregate and release the contaminants 
therefrom; and 

(e) separating therefrom the magnetic particles with 
the nucleic acid bound thereto; 

wherein the aggregate is formed in the presence of an 
amount of a water-miscible lower alcohol sufficient to 
facilitate dispersion of the aggregate and release of the 
contaminants therefrom when washed in step (d) , and 

wherein substantially no Proteinase K is present to 
digest protein from the sample, before step (d) . 

3. A process for isolating nucleic acid from a' nucleic 
acid-containing biological sample, which comprises: 

(a) providing magnetic particles capable of binding 
nucleic acid; 

(b) contacting the sample with the magnetic particles 
so as to bind the nucleic acid thereto; 

(c) forming an aggregate of the magnetic particles by 
the application of a magnetic field, which aggregate 
comprises magnetic particles with the nucleic acid bound 
thereto and contaminants from the biological sample; 

(d) contacting the aggregate with a washing solution 
to disperse the aggregate and release the contaminants 
therefrom; and 
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(e) separating therefrom the magnetic particles with 
the nucleic acid bound thereto; 

wherein the aggregate is formed in the presence of an 
amount of a water-miscible lower alcohol sufficient to 
facilitate dispersion of the aggregate and release of the 
contaminants therefrom when washed in step (d) , and 

wherein the water-miscible lower alcohol is provided 
after or at approximately the same time as step (b) . 

4. A process according to claim 1 or claim 3, wherein 
substantially no Proteinase K is present to digest protein. 

5. A process according to claim 1, claim 2 or claim 4, 
wherein at least a part of the water-miscible lower alcohol 
is provided with the magnetic particles, 

6. A process according to claim 5, wherein the magnetic 
particles are provided as a suspension in an aqueous 
mixture of the water-miscible lower alcohol. 

7. A process according to claim 6, wherein the aqueous 
mixture further comprises a salt. 

8. A process according to claim 7, wherein the salt is at 
a concentration in the range 0.4M to 8M in the aqueous 
mixture. 

9. A process according to claim 7 or claim 8, wherein the 
salt comprises lithium chloride. 
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10. A process according to claim 1, claim 2 or claim 4, • 
wherein at least a part of the water-miscible lower alcohol 
is provided in a lysis step which comprises subjecting the 
biological sample to conditions to lyse the sample. 

11. A process according to claim 10, wherein the water- 
miscible lower alcohol is present in the lysis step in an 
amount in the range from 3 to 40% v/v. 

12. A process according to any one of claim's 1 to 4, 
wherein at least a part of the water-miscible lower alcohol 
is provided when the sample is contacted with the magnetic 
particles. 

13. A process according to claim 12, wherein the water- 
miscible lower alcohol is present in an amount in the range 
from 10 to 90% v/v. 

14. A process according to any preceding claim, wherein 
further water-miscible lower alcohol is provided with the 
washing solution. 

15. A process according to claim 14, wherein the further 
water-miscible lower alcohol is present in an amount in the 
range 5 to 70% v/v with respect to the washing solution. 

16. A process according to any preceding claim, .wherein 
the water-miscible lower alcohol comprises ethanol, 
isopropanol or n-propanol. 
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17. A process according to any preceding claim, wherein 
the washing solution comprises a chaotrope to facilitate 
washing. 

18. A process according to claim 17, which further 
comprises a further washing step to remove chaotrope. 

19. A process according to any preceding claim, wherein 
the magnetic particles comprise polymer magnetic particles 
in which the magnetic component thereof is substantially 
uniformly distributed. 

20. A process according to any preceding claim, wherein 
the nucleic acid comprises DNA. 

21. A process according to any one of claims 1 to 19, 
wherein the nucleic acid comprises RNA. 

22. A process according to any preceding claim, wherein 
the sample is contacted with the magnetic particles in the 
presence of a chaotrope to facilitate binding of the 
nucleic acid to the magnetic particles. 

23. A process according to any preceding claim, which 
further comprises a step of eluting the nucleic acid from 
the magnetic particles. 

24. A kit for isolating nucleic acid from a nucleic acid- 
containing biological sample, which kit comprises: 

(a) magnetic particles capable of binding nucleic 

acid; 
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(b) a source of a water-miscible lower alcohol; and 

(c) a washing solution for use in the presence of the 
water-miscible lower alcohol for dispersing an aggregate 
comprising the magnetic particles with nucleic acid bound 
thereto and contaminants from the biological sample; 

wherein the magnetic particles are not the source of 
the water-miscible lower alcohol when the magnetic 
particles are silica-based magnetic glass particles unless 
(i) no Proteinase K is present in the kit, or (ii) the 
water-miscible lower alcohol is part of an aqueous mixture 
which further comprises a salt. 

25. A kit according to claim 24 , wherein no Proteinase K 
is present. 

26. A kit according to claim 24 or claim 25, wherein at 
least a part of the water-miscible lower alcohol is 
provided with the magnetic particles. 

27. A kit according to claim 26, wherein the magnetic 
particles are provided as a suspension in an aqueous 
mixture of the water-miscible lower alcohol. 

28. A kit according to claim 27, wherein the aqueous 
mixture further comprises a salt. 

29. A kit according to claim 28, wherein the salt is at a 
concentration in the range 0.4M to 8M in the aqueous 
mixture. 
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30. A kit according to claim 28 or claim 29, wherein the 
salt comprises lithium chloride. 

31. A kit 'according to any one of claims 24 to 30, which 
further comprises a lysis solution for lysing the 
biological sample. 

32. A kit according to claim 31, wherein at least a part 
of the water-miscible lower alcohol is provided in the 
lysis solution. 

33. A kit according to claim 32, wherein the water- 
miscible lower alcohol is present in an amount in the range 
3 to 40% v/v with respect to the lysis solution. 

34. A kit • according to any one of claims 24 to 33, which 
further comprises a nucleic acid binding solution. 

35. A kit according to claim 34 , wherein the nucleic acid 
binding solution comprises a chaotrope for facilitating 
binding of the nucleic acid to the magnetic particles. 

36. A kit according to claim 34 or claim 35, wherein at 
least a part of the water-miscible lower alcohol is 
provided in the binding solution. 

37. A kit according to claim 36, wherein the water- 
miscible lower alcohol is present in an amount in the range 
from 10 to 90% v/v with respect to the binding solution. 
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38. A kit according to any one of claims 24 to 30, wherein 
further water-miscible lower alcohol is provided with the 
washing solution. 

39. A kit according to claim 38, wherein the water- 
miscible lower alcohol is present in an amount in the range 
5 to 70% v/v with respect to the washing solution. 

40. A kit according to any one of claims 24 to 39, wherein 
the water-miscible lower alcohol comprises ethanol, 
isopropanol or n-propanol. 

41. A kit according to any one of claims 24 to 40, wherein 
the washing solution comprises a chaotrope to facilitate 
washing. 

42. A kit according to claim 41, which further comprises a 
further washing solution for removing the chaotrope. 

43. A kit according to any one of claims 24 to 42, wherein 
the magnetic particles comprise polymer magnetic particles 
in which the magnetic component thereof is substantially 
uniformly distributed. 

44. A kit according to any one of claims 24 to 43, which 
further comprises a solution for eluting the nucleic acid 
from the magnetic particles. 

45. Use of a water-miscible lower alcohol in a process for 
isolating nucleic acid from a nucleic acid-containing 
biological sample, which process comprises: 
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(a) providing magnetic particles capable of binding 
nucleic acid; 

(b) contacting the sample with the magnetic particles 
so as to bind the nucleic acid thereto; 

(c) forming an aggregate of the magnetic particles by 
the application of a magnetic field, which aggregate 
comprises magnetic particles with the nucleic acid bound 
thereto and contaminants from the biological sample; 

(d) contacting the aggregate with a washing solution; 

and 

(e) separating therefrom the magnetic particles with 
the nucleic acid bound thereto; 

wherein a sufficient amount of the water-miscible 
lower alcohol is present in step (c) for the purpose of 
dispersing the aggregate and releasing the contaminants 
therefrom when washed in step (d) . 
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